Obstructive sleep apnea (OSA) causes secondary hypertension. However, the reasons why the prevalence of hypertension among OSA patients varies widely (35-70%) are not clear. We sought to investigate the phenotypic characteristics of patients with and without hypertension among OSA patients who were matched for disease severity. We studied 152 OSA patients (76 normotensive and 76 hypertensive) diagnosed by polysomnography. Detailed phenotypic characteristics, including laboratorial analysis, were determined in all patients. Univariate analysis followed by multiple logistic regression analysis was used to identify variables that were independently associated with hypertension. The apnea-hypopnea index in normotensive and hypertensive patients was similar (48726 and 48726 events/ h, respectively) as well as minimum arterial oxygen saturation (76710 and 75710%, respectively) and total sleep time with oxyhaemoglobin saturation o90% (25725 and 28726%, respectively). Hypertensive patients were older (57711 vs 47712 years; Po0.001), had a higher body mass index (BMI; 3477 vs 3075 kg/m 2 ; Po0.001), had a higher frequency of women (37 vs 8%; Po0.001), had a higher incidence of diabetes (25 vs 6%; P ¼ 0.002) and a higher family history of hypertension (75 vs 42%; P ¼ 0.01) than did the normotensive patients. Multiple logistic regression analysis indicated that age (P ¼ 0.004), familial history of hypertension (P ¼ 0.004), BMI (P ¼ 0.04) and female sex (P ¼ 0.03) were the independent variables associated with hypertension. We concluded that increasing age and BMI, familial history of hypertension as well as female gender are phenotypic characteristics associated with hypertension among OSA patients with similar disease severity.
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Introduction
Obstructive sleep apnea (OSA) is characterized by recurrent episodes of cessation of respiratory airflow caused by upper airway collapse during sleep, followed by oxyhaemoglobin desaturation, persistent inspiratory efforts against the occluded airway and arousals from sleep. 1 Obstructive sleep apnea is an important public health problem, with an estimated prevalence of 4 and 2% in middle-aged men and women, respectively. 2 Patients with OSA have an increased risk of several cardiovascular disorders, including hypertension, heart failure, atherosclerosis, stroke and myocardial infarction. 3, 4 When not treated, OSA is associated with an increased morbidity and mortality mainly owing to cardiovascular disorders. [5] [6] [7] Obstructive sleep apnea and hypertension often coexist among patients with hypertension. 8 Crosssectional studies have shown an independent association between OSA and hypertension, whereas longitudinal studies have demonstrated an increased incidence of hypertension in OSA subjects compared with individuals without OSA. [9] [10] [11] This relationship has a dose-response behaviour; that is, the odds for hypertension increases simultaneously with the increase in the severity of the disease as determined by the apnea-hypopnea index (AHI) derived from polysomnography. 12 Hypoxia, arousals from sleep and associated blood pressure oscillations can directly or indirectly, via chemoreceptor and baroreceptor stimulation resetting, promote increased sympathetic activity. 1 Obstructive sleep apnea has also been associated with increased angiotensin-converting enzyme (ACE) plasma activity 13 and angiotensin II levels, 14 potent vasoconstrictors that have a synergistic effect on blood pressure and may help to explain the genesis of hypertension in OSA patients. Despite the clear association between OSA and hypertension, it is striking that the prevalence of hypertension ranges from 35 to 70%. [15] [16] [17] [18] [19] Accordingly, in clinical practice, we frequently observe OSA patients, including those with severe OSA, with normal blood pressure values. This has been previously reported and is true for either casual blood pressure measurements or 24-h ambulatory blood pressure measurements. 20 This observation raises the following question: What are the factors associated with the presence or absence of hypertension among OSA patients with similar levels of disease severity?
In the present study, we hypothesized that among OSA patients with similar severity, the presence or absence of hypertension is associated with different phenotypic characteristics. To this end, we compared the phenotypic characteristics of patients with an established diagnosis of OSA who were matched for OSA severity according to the presence or absence of hypertension.
Materials and methods
In order to compare the characteristics of normotensive and hypertensive OSA patients, we calculated that a sample of 76 patients in each group would provide at least 80% power to detect a difference of 20% between groups for dicotomic variables. This sample size would be sufficient to detect a difference of at least 50% of the standard deviation (s.d.) of the continuous variables. We first enrolled 76 normotensive OSA patients recently diagnosed from the outpatient clinic in our institution. We then selected 76 hypertensive OSA patients from 450 patients who performed full polysomnography available in our databank. Obstructive sleep apnea normotensive and hypertensive patients were matched in a 1:1 ratio on the basis of the AHI, with a range of 75 events/h. In order to avoid selection bias, we did not have direct access to the other clinical and laboratorial characteristics during the matching process. The overnight sleep studies were conducted at the Sleep Laboratory, Heart Institute, University of São Paulo. All participants underwent a standard overnight polysomnography (EMBLAFlagra hf. Medical Devices, Reykjavik, Iceland), including electroencephalography, electrooculography, electromyography, oximetry, thermistor and pressure canula measurements of airflow, and measurements of rib cage and abdominal movements during breathing. Sleeping state was measured with electroencephalography, electrooculography and chin electromyography. These signals were used to determine the sleeping stage for each 30-s interval of the polysomnographic record, according to conventional criteria. 21 Sleeping stage and respiratory events were assessed by trained sleep technicians and reviewed by an expert polysomnographer. Apnea was defined as complete cessation of airflow for at least 10 s. Hypopnea was defined as a reduction of respiratory signals for at least 10 s associated with oxygen desaturation of p3%. The AHI was defined as the average number of episodes of apnea and hypopnea per hour of objectively measured sleep and was the summary measurement of the occurrence of sleep-disordered breathing. Mild, moderate or severe OSA was defined when the AHI was 5-14.9, 15-29.9 or X30 events/h, respectively, according to current guidelines. 22 We also evaluated subjective somnolence by the Epworth scale. 23 Hypertension was determined on separate occasions by three or more readings of systolic and diastolic (phase V) blood pressure obtained at 5-min intervals with a conventional mercury sphygmomanometer, after participants had been seated for at least 15 min. 24 The cutoff point of primary interest was 140/90 mm Hg, according to the VII JNC and ESH/ESC guidelines. 8, 25 All measurements were performed by experienced physicians who were not involved in the study. The blood pressure values were considered as the average of all readings. We also considered for the diagnosis, the previous history of high blood pressure and previous antihypertensive therapy. 25 In our study, all hypertensive patients were receiving antihypertensive treatment.
We performed antropometrical mesurements including body mass index (BMI), as well as demographic data regarding age, sex, ethinicity, presence of diabetes, smoking status and family history of hypertension. Blood samples were obtained for determination of glucose, total cholesterol, lowdensity lipoprotein, high-density lipoprotein, triglycerides, complete haemogram and high-sensitivity C-reactive protein (hs-CRP). The institutional review committee at our institution approved this study and all patients signed a written consent form.
Results were presented as mean7s.d. Statistical analysis was performed using SPSS software (SPSS for Windows 10.0; SPSS, Chicago, IL, USA). Comparisons between hypertensive and normotensive patients were performed by a two-tailed t-test or w 2 -test, when appropriate. A value of Po0.05 was considered significant. Data were assessed by univariate analysis followed by multiple logistic regression analysis to identify variables that were independently associated with hypertension in our sample. High-sensitivity C-reactive protein, triglycerides, minimum arterial oxygen saturation and percentage of total sleep time o90% values were log transformed for statistical comparison.
Results
The sleep characteristics of the 152 patients, including AHI, the number of patients with mild, moderate and severe OSA, minimum arterial oxygen saturation, percentage of total sleep time with oxyhaemoglobin saturation o90% and subjective sleepiness evaluated by the Epworth scale are presented in Table 1 . Normotensive and hypertensive OSA patients presented similar sleep parameters, indicating that the groups were well matched. As expected, systolic and diastolic blood pressure were significantly higher in the hypertensive than in the normotensive group: 140719 vs 114712 mm Hg for systolic (Po0.001) and 84713 vs 6979 mm Hg for diastolic blood pressure (Po0.001), respectively. The demographic characteristics of the patients included in the study according to the presence or absence of hypertension are presented in Table 2 . Univariate analysis showed that hypertensive patients were older (Po0.001), more likely to be women (Po0.001), had higher BMI (Po0.001), had diabetes (P ¼ 0.003) and had a higher frequency of family history of hypertension (Po0.001). Multiple regression analysis indicated that age (P ¼ 0.004), family history of hypertension (P ¼ 0.004), BMI (P ¼ 0.04) and female sex (P ¼ 0.03) were associated with hypertension in OSA patients.
Discussion
This study provides data on the association between OSA and hypertension. In an OSA population, in whom OSA severity was virtually identical between normotensive and hypertensive patients, multivariate analysis showed that increasing age and BMI, family history of hypertension as well as female sex were phenotypic variables associated with the presence of hypertension in OSA patients. A compelling body of evidence coming from epidemiologic, mechanistic as well as treatment studies points to a cause and effect relationship between OSA and hypertension. For instance, Peppard et al. 12 found a dose-response association between sleep-disordered breathing at base line and the presence of hypertension 4 years later, independently of known confounding factors, like age, sex and cigarette use. The presence of OSA at initial evaluation was associated with two-and threefold increased risk for future development for patients with mild and moderate-to-severe OSA, respectively. The mechanisms involved in the genesis of hypertension in OSA patients are multiple and include sympathetic and renin-angiotensin-aldosterone system activation, baroreflex and endothelial dysfunction, inflammation and increased oxidative stress. 26 Hypertension is a multifactorial disease involving complex interactions between environmental and genotypic factors that are not easily quantified. 27 It is well established that age and obesity have a direct influence on blood pressure levels. 28 Accordingly, OSA patients represent an interesting population for studying the association between phenotypic factors associated with hypertension for the following reasons: (1) the relationship between OSA and hypertension follows a dose-response relationship that can be objectively quantified by the AHI 12 and (2) the mechanisms linking OSA and hypertension have been investigated, 1, 13, 14 raising the possibility of studying excellent associated risk factors. Despite the clear cause and effect association between OSA and hypertension, it is striking that the prevalence of hypertension among patients with OSA ranges from 35 to 70%. [15] [16] [17] [18] [19] Because these studies were based on populations referred to sleep laboratories, differences could be related to referral bias. However, in clinical practice, we frequently observe OSA patients, including severe OSA patients, without hypertension. This led us to investigate the phenotypic characteristics of OSA patients with and without hypertension, carefully matched for OSA severity.
Our study showed that increasing age was the most significant factor to explain the presence of hypertension among OSA patients. This result is in agreement with a previous retrospective study in OSA population that did not match hypertensive and normotensive patients for OSA severity. 15 The age of our hypertensive patients was on average 10 years older than normotensive. One attractive explanation to justify our findings is that elderly patients would be exposed to OSA consequences for a longer period. However, the onset of OSA diagnosis is not known. In addition, age is an independent risk factor for hypertension in the general population. 8 Interestingly enough, recent cross-sectional data from the Sleep Heart Health Study 29 showed that the strong association between sleep-disordered breathing and hypertension was lost for those aged 460 years. The authors speculated that their findings could be related to a survival bias. 29 We also found that patients with hypertension were heavier. Obesity has a putative role in the genesis of hypertension by increasing renal tubular reabsorption, impairing pressure natriuresis, causing volume expansion due to activation of the sympathetic nervous system and renin-angiotensin system. 30 Also, insulin resistance and more recently selective leptin resistance have been associated with increased sympathetic nerve activity. 31 The coexistence of OSA and obesity may have more widespread implications for cardiovascular control and dysfunction in obese individuals and may contribute to some of the clustering of abnormalities broadly defined as the metabolic syndrome. 1 Whereas obesity increases the risk for OSA, sleep apnea may predispose to weight gain and obesity. This association may be related to changes in lifestyle as well as endocrine dysregulation, including leptin resistance. 1 In our study, women with OSA were more likely to be hypertensive than men. Menopause could be an important factor involved in determining the ocurrence of hypertension, but the number of women with menopause was similar between hypertensive and normotensive in our sample (data not shown). The increased proportion of women with hypertension compared with men could be explained by the fact that the women were more obese than men. However, after controlling for weight, female sex remained a significant risk factor for hypertensive in multivariate analysis. Our results may appear counterintuitive, because male sex is a well-known risk factor for hypertension. 8 Our study is in accordance with at least two recent studies. 32, 33 In a study involving 1166 patients with OSA, Quintana-Gallego et al. 32 found that women were older, more obese and had hypertension more frequently when compared with men. These results raise the possibility that women with sleep-disordered breathing are more vulnerable to related cardiovascular diseases than men. For instance, Faulx et al. 33 studied possible sex influences on endothelial function in 139 patients with OSA. The authors found that AHI was inversely associated with flow-mediated dilation and peak blood flow in women. In contrast, no relationship between AHI and flow-mediated dilation was found in men.
In our population of OSA patients, we found that hypertensive patients more frequently reported a family history of hypertension. This provides a strong rationale for investigating candidate genes relevant to blood pressure control in this population. Experimental data suggest that the genetic background can affect both the pattern and magnitude of the cardiovascular response to apnea. For instance, a recent experimental study investigating the acute changes in systemic arterial blood pressure and heart rate in seven strains of mice exposed to intermittent hypoxia showed a marked heterogeneity in cardiovascular responses between strains. 34 In humans, studies analysing the genetic functional polymorphisms in candidate genes of the ACE have shown conflicting results.
14,35,36 Therefore, we cannot exclude the possibility that the association between genetic traits and hypertension is present in OSA patients.
In conclusion, we observed that in patients with similar OSA severity, increasing age and BMI, familial history of hypertension and female sex were factors associated with the presence of hypertension. The observation that a familial history of
What is Known about this topic: Obstructive sleep apnea (OSA) causes secondary hypertension. However, the reasons why the prevalence of hypertension among OSA patients varies widely (35-70%) are not clear. [15] [16] [17] [18] [19] Phenotypic factors could be associated with the presence or absence of hypertension among OSA patients with similar levels of disease severity.
What this study adds:
Increasing age and BMI, as well as female gender are phenotypic characteristics associated with hypertension among OSA patients with similar disease severity. In addition, we found that hypertensive patients more frequently reported a family history of hypertension. This provides a strong rationale for investigating candidate genes relevant to blood pressure control in this population.
Phenotypic characteristics in hypertensive OSA patients LF Drager et al hypertension was more common among hypertensive patients suggests that complex genetic interactions may be present and help to explain the presence of hypertension among OSA patients.
